Long-term exposure to traffic pollution has been associated with adverse health outcomes in children and adolescents. A significant number of schools may be located near major roadways, potentially exposing millions of children to high levels of traffic pollution, but this hypothesis has not been evaluated nationally. We obtained data on the location and characteristics of 114,644 US public and private schools, grades prekindergarten through 12, and calculated their distance to the nearest major roadway. In 2005-2006, 3.2 million students (6.2%) attended 8,424 schools (7.3%) located within 100 m of a major roadway, and an additional 3.2 million (6.3%) students attended 8,555 (7.5%) schools located 100-250 m from a major roadway. Schools serving predominantly Black students were 18% (95% CI, 13-23%) more likely to be located within 250 m of a major roadway. Public schools eligible for Title I programs and those with a majority of students eligible for free/reduced price meals were also more likely to be near major roadways. In conclusion, 6.4 million US children attended schools within 250 m of a major roadway and were likely exposed to high levels of traffic pollution. Minority and underprivileged children were disproportionately affected, although some results varied regionally.
INTRODUCTION
Long-term exposure to pollution from traffic has been associated with adverse health effects among children and adolescents, especially in regards to respiratory health. Specifically, long-term exposure to traffic-related air pollution has been associated with an increased risk of developing asthma [1] [2] [3] [4] [5] and increased incidence rate of acute asthma exacerbations among children with preexisting asthma. 6, 7 Young children may be particularly affected because their lungs are still developing, and because their smaller airways and higher breathing rates result in greater exposure to air pollutants relative to their size as compared with adults. 8, 9 Importantly, children who have underdeveloped lungs may have reduced lung function for the rest of their lives. 9, 10 Lung development, in turn, has been found to be associated with cognitive development. 11 In addition to respiratory health, long-term exposure to air pollution may have adverse effects on children's neurobehavioral function 12, 13 and cardiovascular health. 14 Previous studies have found associations between socioeconomic factors and levels of traffic-related air pollutant exposure. For example, Gunier et al. 15 found that Hispanic, African-American, and Asian children were more likely to live in areas of high traffic density compared with White children, and that children with the lowest versus highest income were five times more likely to live in areas with high traffic density. Houston et al. 9 also found that Californian childcare facilities in minority and low-income areas were more likely to be near a major roadway compared with facilities in areas with fewer minority and higher-income residents.
Studies have found that traffic-related air pollutants decrease approximately exponentially with increasing distance to major roadway. 4, 16, 17 Children spend over 1,200 h at school each year and often during peak traffic hours, and therefore may be exposed to higher levels of traffic-related air pollution at school than at home. 9, 18, 19 Previous studies in specific locations have found associations between school proximity to major roadways and the percent of Hispanic and non-Hispanic Black children, the percent of children enrolled in free or reduced price meal programs, the percent of students whose primary language was not English, the percent of students below the poverty line, the percent without a high school diploma, and the percent of students born abroad. 4, 9, 17, 20, 21 Appatova et al. 22 examined the proximity to major roadways among B9% sample of US public schools within nine US metropolitan areas and found that a substantial percentage of students attended schools located near or very near major roadways with White students more likely than Hispanic students to attend such schools. However, whether similar patterns are observed nationally and among private schools has not been previously evaluated. Accordingly, the goal of this study was to examine the proximity of all US public and private schools to the nearest major roadway nationwide and identify segments of the population potentially at the greatest risk of high exposure to traffic pollution at school.
METHODS

School Data
information is collected annually through five different surveys distributed to B100,000 public elementary and secondary schools in the United States. We downloaded private school data through the NCES Private School Universe Survey (PSS; http://nces.ed.gov/surveys/pss/index.asp) on 7 June 2010. The PSS is similar to the CCD in which it regularly collects data throughout the country that can be used to compare across all states, countries, and so on. Data files containing school data used in the analysis were downloaded from the CCD and PSS websites for the 2005-2006 school years.
The school database included school location (both address, and latitude and longitude), urban-centric location (city, suburb, or rural), school type (public or private), school level (primary, middle, high, or other), public school eligibility for Title I programs (eligibility for financial assistance due to high percentage of poor students in public schools only), number of students enrolled, overall and by race, ethnicity, gender, and total number of students eligible for free or reduced price lunch (public schools only). NCES uses urban-centric locations and defines ''city'' as an area inside a principal city, ''suburb'' as a territory outside a principal city but inside an urbanized area, ''town'' as a territory inside an urban cluster, and ''rural'' as a census-defined rural territory. We combined urban-centric locations of suburb and town as one category, suburb, for this study. Race/ethnicity was defined as White, non-Hispanic; Black, non-Hispanic; Asian/Pacific Islander; American Indian/Alaskan Native; and Hispanic.
We calculated the straight-line distance between each school and the nearest major roadway using ArcGIS 10.1 (ESRI, Redlands, CA, USA) and road spatial data, including US Census Feature Class Code (CFCC) data, from Tele Atlas North America. We defined major roadways as those with a CFCC classification of A1 (primary road with limited access or interstate highway) or A2 (primary road without limited access).
Statistical Analyses
After excluding 120 electronic schools without physical campuses, data on 114,644 schools were available for analyses. We considered five categories of distance to the nearest major roadway (r100 m, 4100-250 m, 4250-500 m, 4500-1,000 m, and 41,000 m) selected on the basis of the scientific literature, and calculated the total number of students enrolled by school level for each of these categories. Also based on scientific literature, in subsequent analyses we dichotomized distance so that schools r250 m from a major roadway are defined as being near a major roadway, whereas schools 4250 m are considered not near a major roadway.
Socioeconomic status indicators of schools were defined as the majority of students in the school that are minority (Black, non-Hispanic, Hispanic, Asian/Pacific Islander, or American Indian/Alaskan Native), Black, Hispanic, or eligible for free/reduced price lunch. We also used school eligibility for Title I programs, which offer financial assistance to public schools with a high percentage of poor students, as an indicator of socioeconomic status. We performed analyses in the country as a whole and then stratified by region or state.
We estimated prevalence ratios and 95% confidence intervals (CI) to assess the association between school-level indicators of socioeconomic status and the probability of a school being near a major roadway. Within each region, we calculated the association between school proximity to major roadways and school type (public or private), urban-centric location (rural, city, or suburban), schools predominantly (that is, 450%) serving minority students, schools predominantly serving Black students, schools predominantly serving Hispanic students, majority of students eligible for free or reduced price lunch, and eligibility for Title I programs. In addition, we calculated associations between school proximity to major roadways and the following student-level variables: Black students, Hispanic students, and public school students eligible for free or reduced price lunch. Analyses were carried out using STATA 11 (StataCorp, College Station, TX, USA).
RESULTS
During the 2005-2006 school year, B50.7 million students attended 114,644 schools across the United States. The number of students and schools varied considerably across states, with California having the most schools (10,111) and students (5.55 million) and Wyoming having the fewest schools (388 schools and 87,860 students). Among public schools, 55,557 (65.1%) schools serving 27.3 million students were eligible for Title I programs and 18.8 million students (40.7%) were eligible for free or reduced price lunch (Table 1) .
The median distance of schools to the nearest major roadway ranged from 1.0 km in the Northeast to 1.2 km in the West, with an overall median of 1.1 km. Nationally, 3.2 million students (6.2%) attended 8,424 schools (7.3%) located within 100 m of a major roadway, and an additional 3.2 million (6.3%) students attended 8,555 (7.5%) schools located between 100 and 250 m (Table 1) . Nationwide, 2.8 million primary school students (11.7%), 1.2 million middle school students (11.9%), and 2.1 million high school students (13.9%) attended schools located within 250 m of a major roadway (see Supplementary Table 1) .
Race/Ethnicity and Socioeconomic Status The proportion of schools near a major roadway varied depending on the student population served, but not in a consistent manner. For example, schools serving predominantly Black students were 18% (95% CI, 13-23%) more likely to be located within 250 m of a major roadway compared with schools with more heterogeneous student populations (Table 2 ). However, schools serving predominantly minority students were 6% (95% CI, 3-8%) less likely to be within 250 m of a major roadway than schools serving predominantly White students. Schools serving predominantly Hispanic students were also less likely to be within 250 m of a major roadway compared with more heterogeneous schools.
Proximity of schools to major roadways also varied by markers of school-wide socioeconomic status. For example, public schools with a majority of students eligible for free or reduced price lunches were 18% (95% CI, 14-22%) more likely to be within 250 m of a major roadway compared with public schools with less than 50% students eligible. Public schools that were eligible for Title I programs were 17% (95% CI, 13-21%) more likely to be near a major roadway compared with public schools not eligible for Title I.
Results were very similar when we performed analyses on the student level. Black students were 7.3% (95% CI, 7.1-7.5%) more likely and Hispanic students were 19.6% (95% CI, 19.5-19.8%) less likely to attend school within 250 m of a major roadway compared with White students. Public school students eligible for free or reduced price lunches were 17.0% (16.8%, 17.2%) more likely to attend school within 250 m of a major roadway compared with students who were not eligible.
Geographic Variability
The proportion of schools located near major roadways differed across geographic locations. Figure 1 and Supplementary Table 2 show the absolute number and percent of students enrolled in schools within 250 m of a major roadway by state. Almost 30% students in Kentucky attended schools located within 250 m of a major roadway, the highest of any state. The Northeast had the highest proportion of schools and students within 250 m of a major roadway, and the West had the lowest proportion of school and students within 250 m of a major roadway (see Supplementary Table 1) . Schools in rural areas were 11% (95% CI, 7-15%) more likely to be located within 250 m of a major roadway compared with schools in suburban areas (Table 2) .
Results varied by region for many of the variables (Table 3) . Public schools were less likely to be within 250 m of a major roadway compared with private schools nationwide and within each region. In the Northeast, city schools had a 34% (95% CI, 25-43%) increased likelihood of being near a major roadway compared with suburban schools, but no significant associations were found in other regions of the country. In the West and South, rural schools were more likely to be within 250 m of a major roadway compared with suburban schools, but the opposite was observed in the Midwest and Northeast. Supplementary Table 3 show results stratified by urban-centric location.
In the West and South, schools serving predominantly minority students were less likely to be close to a major roadway compared with schools serving predominantly White students, but the opposite pattern was observed in the Northeast and Midwest. Schools serving predominantly Hispanic students were less likely to be within 250 m of a major roadway in all regions except the Northeast where they were 34% (95% CI, 21-48%) more likely to be within 250 m of a major roadway compared with schools with fewer Hispanic students. On the student level, this same regional effect in the Northeast was observed for Hispanic students. Schools serving predominantly Black students were more likely to be within 250 m of a major roadway in all regions of the country. However, on the student-level Black students, compared with White students, were more likely to attend schools within 250 m of a major roadway in the Northeast (PR ¼ 1.260; 95% CI, 1.255- In all regions, public schools with more than 50% students eligible for free or reduced price lunch and public schools eligible for Title I programs were more likely to be located near a major roadway. Similarly, on the student level, students eligible for free or reduced price lunch were more likely to attend schools close to a major roadway in all regions of the country, ranging from 12.3% more likely in the West to 32.0% more likely in the Northeast.
DISCUSSION
A number of studies indicate that long-term exposure to traffic pollution may be detrimental to the health of children and adolescents. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Traffic-related air pollution is highest immediately adjacent to major roadways, and decreases with increasing distance from roadways, such that beyond 250 m, levels of many pollutants are indistinguishable from background levels. 4, 7, 16, 17 We found that nationally in 2005-2006, 3.2 million (6.5%) students attended 8,424 (7.8%) schools located within 100 m of a major roadway and are therefore potentially exposed to very high levels of traffic-related air pollution on a daily basis, and a total of 6.4 million students attended schools located within 250 m of a major roadway and were therefore likely exposed to elevated levels of traffic pollution. In addition, we found significant associations between school proximity to major roadways and both race/ethnicity and indicators of socioeconomic status. Notably, schools predominantly serving Black students were 18% more likely to be located near a major roadway, and Black Table 1 . Demographics of schools (A) and students (B) by distance to nearest major roadway. Defined as schools with more than 50% students who are Black, African-American, Hispanic, Asian/Pacific Islander, or American Indian/Alaskan Native.
students were 7% more likely to attend a school located near a major roadway. In addition, schools eligible for Title 1 programs were 17% more likely to be near a major roadway, and students eligible for free or reduced price lunches were l7% more likely to attend a school located near a major roadway. The proportion of schools located within 250 m of a major roadway varied by state, region, and urban-centralized location. New York State had the largest absolute number of students (625,161) attending schools within 250 m of a major roadway, whereas the Northeast region and rural areas had the largest proportions of students attending school near a major roadway.
Our findings are consistent with those from a study of schools in California that found an association between the median percent of children enrolled in free or reduced price meal programs and proximity to a major roadway. 20 That same study also found that Hispanic students were more likely to attend a school within 150 m of a roadway carrying more than 50,000 vehicles per day versus non-Hispanic White children. 20 Although direct comparison of our results is not possible, it is of interest that we found Hispanic students to be less likely to attend schools near major roadways in all regions except the Northeast.
Previous studies have also found associations among lowincome, minority communities, and an increased risk of higher exposure to traffic-related air pollution. 9, 15, 20 Our study lacked socioeconomic measures from the communities where students lived, but included school-wide indicators of socioeconomic status such as Title I eligibility and percent of students enrolled in free or reduced price meals. We found that public schools eligible for Title I programs and public schools with a majority of students eligible for free or reduced price meals were more likely to be near a major roadway, suggesting that poorer students may be more likely to be exposed to high levels of traffic-related air pollution. These findings were observed overall and within each region of the country. Appatova et al. 22 considered a sample of B9,000 public schools (B9% of all US schools and representing B12% of all US students) in nine metropolitan statistical areas and reported associations between students' race and school proximity to major roadways. Interestingly, there was no race consistently found to attend schools closer to major roadways across all the metropolitan areas considered. Our results also show significant associations between race and the likelihood of schools being near major roadways when stratified by region, such as schools serving predominantly minority students that were more likely to be within 250 m of a major roadway in the Northeast and Midwest, but less likely to be close to a major roadway in the West and South. We also found that the Northeast and South had the highest percent of schools located within 250 m of a major roadway, whereas the West had the smallest percent, consistent with the finding by Appatova et al. 22 that schools' proximity to major roadways decreased monotonically from East to West. Our study builds on this previous work by including a full census of both public and private schools across the country rather than focusing on a sample of public schools within specific metropolitan areas. In addition, our study includes additional school-based measures of socioeconomic status such as eligibility for Title I programs and percent of students eligible for free or reduced price lunch.
Our study has some potential limitations. First, we used school distance to nearest major roadway as a marker of long-term exposure to traffic pollution. However, actual exposure to traffic pollution depends on many additional factors including time spent indoors, building air exchange rates, and local topography, meteorology and land-use characteristics. For example, A1 and A2 Census Feature Class Codes do not necessarily correspond to traffic volumes or emissions. In addition, schools are not single points but are campuses that encompass buildings, fields, and parking lots. Thus, proximity to major roadway represents a misclassified marker of student exposure to traffic pollution. Table 2 . Number of schools and students within 250 m of a major roadway and prevalence ratios of schools being within 250 m of a major roadway. Nonetheless, distance to nearest major roadway is easy to measure, easy to understand by both policymakers and the public, and therefore a common school siting criterion used by policymakers. Our study is also limited because indicators of socioeconomic status (Title I eligibility and free or reduced lunch price eligibility) were only available for public schools. Thus, some of our results may not be generalizable to private schools. On the other hand, our analyses included over 114,000 schools nationwide and most of the results are generalizable to the United States.
Due to the number of students regularly exposed to trafficrelated air pollution at school, several recommendations have been made to update the building and siting policies for new schools. Existing schools located near major roadways may consider holding outdoor activities in areas farthest from major roadways, and/or installing efficient air filters with the air intake as far from roadways and parking lots as possible. 9, 20 In summary, during the 2005-2006 school year, more than 6 million children attended schools within 250 m of a major roadway, nationwide, and were likely to be exposed to high Figure 1 . Number of students attending a school within 250 m of a major roadway (a) and percent of students attending a school within 250 m of a major roadway (b). levels of air pollution from traffic. Black and underprivileged children were disproportionately affected, but some results varied by region. Additional research is needed to identify interventions that may minimize potentially harmful environmental exposures at schools and improve the health, safety, and performance of students.
